INTRODUCTION
Angiostrongylus cantonensis is a rodent nematode, the adult worms living inside pulmonary arteries. Humans may become infected and migrating larvae and young adults may produce lesions mainly in the central nervous system. The natural definitive hosts are rodents, namely species of Rattus rattus, Rattus exulans, Rattus norvegicus, Bandicota indica , and Bandicota bengalensis . [1] [2] [3] [4] This parasite is distributed in Southeast and Far East Asia, including the Pacific and Indian Ocean islands. 5 It is also found in South and North America continents, 6 and there are many reported cases from Caribbean countries. 7 The infective third stage larvae infests tissues of both fresh water and land snails, including slugs. Paratenic hosts include the reptile yellow tree monitor ( Varanus bengalensis ), prawns, the clawed frog ( Xenopus laevis) and its tadpoles. [8] [9] [10] [11] It is possible that wide ranging species of snails could serve as intermediate host. Natural infection in fresh water snails was reported in Pila ampullacea turbines, Pila polita, Pila gracilis, Pila scutata, Pila pesmei, Pomacea canaliculata, Lanistes carinatus, Cleopatra bulimoides, Cleopatra cyclostomoides, Biomphalaria alexandrina, Lymnaea natalensis , and Melanoides tuberculata . Infection in slugs and land snails has been detected in Achatina fulica, Hemiplecta distincta, Hemiplecta siamensis, Veronicella siamensis , and Sarika resplendens . 1, 4, [11] [12] [13] [14] Humans have acquired the infection by eating raw or improperly cooked snails, prawns, slugs, tadpoles, frogs, and yellow tree monitors. [8] [9] [10] [11] The most common symptom of infected patients was headache, in some cases they occasionally presented with a stiff neck, paresthesia, low-grade fever, nausea and/or vomiting. [15] [16] [17] [18] Many cases of ocular angiostrongyliasis resulted in visual disturbance and pain. 19, 20 Inflammatory reaction in nervous tissues and cerebrospinal fluid is characterized by intense infiltration by eosinophils.
In the endemic areas in northeast Thailand, the infection in patients usually occurs in communities that eat a raw or undercooked dish of Pila snails while drinking alcohol. There is a possibility that severity of clinical disease is related to larvae burden . The aims of the present study are to describe the intermediate hosts for A. cantonensis in an endemic area in Thailand and to research the role of infected species for completion of the life cycle and transmission to humans.
MATERIALS AND METHODS

Preliminary survey.
A cross-sectional mollusk survey was carried out during May-December 2002 in northeast Thailand where there was a high incidence of human A. cantonensis infection based on the records of Department of Prevention and Control of Diseases, Ministry of Public Health (Annual Epidemiological Surveillance Report, 2001). A high incidence of infection was found in 12 provinces of northeast Thailand in areas under the supervision of 5th and 6th Offices of Prevention and Control Diseases. Three water reservoirs in each province (8 out of 12 provinces, 24 water reservoirs in total) with histories as the sources of infection reported in previous years were selected for mollusk sampling ( Figure 1 ). The sampling method for mollusks collection was done by manual collection, scooping five times at the reservoir edge, and an Ekman dredge twice in deep water. Scoop collection (5 drags/station) was used in the station where there was a high density of water plants and manual collection (two persons for 5 minutes each station) was performed at the station when sand, soil, or rock areas were predominant. In each water reservoir, mollusks sampling was conducted at 8-11 sites depending on the size of each reservoir. Each site was sampled at two stations (8-22 stations in total), at the edge and deep water (1-4 meters). If the water level at that site was too shallow only one station was done. Land snails were collected by villagers living nearby the selected water reservoirs. The mollusk samples were identified to the species level by following Brandt, 21 Upatham and others, 22 and Chitramvong, 23 using characters of shell morphology and radular patterns. Each species of mollusk in the same station was processed as one sample to determine whether there was any A. cantonensis infection in each reservoir. This study has been reviewed and approved by the Animal Ethics Committee of Khon Kaen University, based on the Ethic of Animal Experimentation of the National Research Council of Thailand. Density and intensity of larval infection. At the reservoirs where mollusks were found to be positive for A. cantonensis larva, sampling was repeated as outlined previously. Once samples were identified to species of each individual, the shell was removed and the soft tissue of each snail was digested in Abstract. Prevalences and intensity of infection with Angiostrongylus cantonensis third stage larvae were examined in mollusks to determine whether they are potential intermediate hosts in eight provinces, northeast Thailand. Mollusk samples were collected from 24 reservoirs (3 reservoirs/province) in close to human cases during the previous year. Six out of 24 localities and 9 (3 new record species) out of 27 species were found with the infection. The highest intensity in infected species was found to be only one or two snails, whereas the majority had very low or no infection. The highest density was found in Pila pesmei and the lowest in Pila polita . The edible snails, P. polita, P. pesmei, and Hemiplecta distincta have the potential to transmit A. cantonensis to man. The varying density levels of larvae in infected snails may reflect observed variation in symptoms of people who traditionally eat a raw snail dish.
a test tube or a beaker. The larvae were collected and the total number was recorded from each individual snail.
Digestion and collection of larvae. Soft tissues of each snail were minced and digested with 0.25% pepsin A (BDH, England) in acid condition (pH 2.2) for 1 hour at 37°C in shaking water bath. The soft tissues almost completely digested for liberation of free larvae then digested solution was collected by the Baermann apparatus method and searched for larvae under a dissecting microscope (at 40×). Individual larvae were collected by fine tip Pasteur pipette and identified as A. cantonensis third stage larvae following Bhaibulaya. 24 Fifty larvae were used to infect white Wistar rats to confirm A. cantonensis species at the adult stage. After 1 month the infected rats were anaesthesized by diethyl ether then killed and the pulmonary artery was dissected and examined for adult worms.
RESULTS
Following preliminary sampling, snails were found to be positive for A. cantonensis third stage larvae in 6 out of 24 reservoirs, which were subsequently resampled at 8-22 stations depending on size and ecology of those reservoirs. In positive reservoirs, infected snails were only detected in 1 or 2 stations, in shallow rather than deep water stations. From preliminary and second surveys of 24 water reservoirs, 27 species were identified (sample size in parenthesis): Pomacea canaliculata (1,134), P. polita (1,014), P. ampullacea (29) (10) .
Eight out of the 27 species of mollusks were positive for A. cantonensis. Of the species of mollusks, which were positive for larvae, all of them were snails (class Gastropoda) and no positive infections were found in clams. Infected snails were from the species of F . martensi martensi , F. sumartrensis polygramma , P. pesmei , P. polita , C. helena , B. siamensis goniomphalos , A. fulica , and H. distincta and the percentage of infection (from the total sample mollusks) was 0.41, 0.89, 2.42, 4.97, 0.49, 0.36, 7.55, and 20.00, respectively ( Table 1 ) . New records of positive infections were found in the following snails, F. sumartrensis polygramma, B. siamensis goniomphalos , and C. helena . In the preliminary survey P. canaliculata was found to be infected in Nong Boa Daeng district, Chaiyaphum province but no infections were detected in resampling. Prevalences ranged from 0.58% to 7.37% with highest values for P. polita (7.37%) and A. fulica (7.02%) and also found a large number of worm burden individually both in Wangyai, Khon Kaen ( Table 2 ). The intensity of larval infection was directly associated with the size of snails for P. polita , whereas the inverse was found for P. pesmei ( Table 3 ) . Remaining snails had a small worm load. Most of the snails were non-infected or had a low larvae burden, whereas from a few snails high numbers of larvae were recovered, such as the 3,113 (91.59%) larvae found in one A. fulica specimen ( Tables 2 and 4 ).
The highest density of larvae in the positive species of snail was found in P. pesmei , 148.6 larvae/g with the lowest density in P. polita , 0.02 larva/g. The highest average density of larvae was found in A. fulica , 25.96 larvae/g and the lowest was F. m. martensi , 0.57 larvae/g. The infected snails varied in range from small to large snails; however, the infection depended on the size and species of snails ( Table 5 ).
All of the adult worms obtained from the pulmonary artery of white Wistar rats experimentally infected with a sample of the larvae recovered from snails were identified as A. cantonensis.
DISCUSSION
Data from provincial CDC records showed all of the patients with eosinophilic meningoencephalitis shared the histories of raw Pila sp., consumption while drinking alcoholic beverages. The severity of clinical manifestations varies from case to case and may be related to the number of infective larvae ingested with the snails. The severity of symptoms of the severe cases may be related to the large number of larvae infecting just a few snails, which were prepared in the dish, hence each individual could be infected with different numbers of larvae. There was a wide variation of density and larvae burden in individual snails with the highest numbers found in a few specimens. Similar data were reported for A. costaricensis and their terrestrial intermediate hosts. 25 The higher frequency of low larvae burdens may lead to many patients with mild clinical manifestations or even asymptomatic infections.
Infected snails were distributed in 1-2 stations in each reservoir and were found only in the stations on the edge of the reservoir. Transmission of the parasite, therefore, occurred close to the edge of the reservoirs where infected rodents went to drink water and seek food and dropped fecal pellets directly into the water. Alternatively, rodent feces may be flushed by rain water into the reservoir. Our results show that parasite larvae did not disperse throughout the reservoir and infected rats seem to have a restricted home range.
Naturally infected snails were found over a wide range of snails including small-sized snails. We report the first recordings of A. cantonensis infection in B. siamensis goniomphalos and C. helena , including the large-sized snail F. sumartrensis polygramma . The low susceptibility to infection 26 in P. canaliculata could explain why that infection was not found in these snails in the subsequent second stage of sampling. The snails Pila ampullacea , P. polita , and Filopuludina sp. were found to be infected and confirm previous studies. The size of the snail did not relate to the intensity of infection, for instance a P. pesmei small-sized snail was also found to be infected and high intensity of infection did not occur by accumulation of larvae in a large-sized snail. The high intensity of larvae in that snail could be associated by chance with eating a large number of larvae in rat fecal pellets, which implies that infection may be via the oral route. 26 The digestion method for collection of A. cantonensis third stage larvae was found to be the best method compared with lung microscopy or tissue homogenate. 27 Snail tissues almost completely digested to liberate larvae and all of the larvae were very active to migrate down to the bottom by Baermann apparatus. A high density of larvae was found in P. pesmei (148.6 larvae/g) and the average size of the adult of this species of snail was smaller than P. polita (0.02 larva/g), which people preferred to eat. Infected persons who ate raw snails ( Pila sp.) usually take the head-foot portion for the preparation of snail dishes. The distribution of larvae in snail organs of this species was highest in the mantle. 26 In the land snail, A. fulica , it has been documented that head-foot portion had low worm recovery. The mantle, which was the highest intensity, 28 may have been still attached to the head-foot portion, which could result in contradictory results.
Prevalence of A. cantonensis infection in P. polita in the same part of the country was 0.9% but negative in P. ampullacea. 3 In this study the prevalence of A. cantonensis infection in P. polita varied from place to place, 1.18-50%. The prevalence of infection might relate to the ecology of a specific reservoir and the presence of infected rats. In our study, we found that the highest intensity and density occurred in the land snail A. fulica (3,113 larvae or 91.59% in one snail from total larvae in the same species). It is possible that the distribution of larvae from feces of definitive rodent hosts is still present in intact fecal pellets when it was eaten directly by land snails. When fecal pellets are dropped into water, larvae can disperse after the pellet has dissolved and result in a subsequent low intensity to infect freshwater snails. The land snails, A. fulica and H. distincta , have been shown to be the causative agent of dispersal of this parasitic disease by their migration and eating by rats. 29 The incidence of eosinophilic meningitis in the state of Hawaii has increased considerably from 2001 to 2005 30 and may be a result of global warming as Lv and others 31 have discussed. We found that the average intensity of A. cantonensis third stage larvae in A. fulica was 13.6 per snail (1 to 441). The distribution of parasites in hosts have usually been found to be of a high intensity of worms in a few individual hosts and low intensity or non-infection in the majority of the population as in many kinds of worms, such as Opisthorchis viverrini , in both second intermediate hosts and human hosts. 
